Cystatin E/M (CST6) is a natural inhibitor of lysosomal cysteine proteases. Recent studies have shown that experimental manipulation of CST6 expression alters the metastatic behavior of human breast cancer cells. However, the association of CST6 with prostate cancer invasion and progression remains unclear. Here, we show that CST6 is robustly expressed in normal human prostate epithelium, whereas its expression is downregulated in metastatic prostate cell lines and prostate tumor tissues. Treatment of metastatic prostate cell lines with the histone deacetylase inhibitor trichostatin A resulted in significant induction of CST6 mRNA levels and increased CST6 protein expression, indicating that epigenetic silencing may play a role in the loss of CST6 expression observed in prostate cancer. CST6 overexpression in human prostate cancer cells significantly reduced in vitro cell proliferation and matrigel invasion. Furthermore, the results from a bioluminescence tumor/metastasis model showed that the overexpression of CST6 significantly inhibits tumor growth and the incidence of lung metastasis. These results suggest that the downregulation of the CST6 gene is associated with promoter histone modifications and that this association plays an important role in prostate cancer progression during the invasive and metastatic stages of the disease.
Introduction
The dissemination of localized prostate cancer to distant tissues, including the bone, lung and liver, represents a prominent health-care burden in the aging adult male population (Shah et al., 2004) . The underlying mechanisms that promote and support the metastatic spread of prostate cancer remain vague. It is clear that fundamental processes, such as cellular detachment, proliferation, migration, invasion and angiogenesis, are essential to the spread of cancer cells and their growth at distant sites (Bogenrieder and Herlyn, 2003) . One family of proteins that enables malignant progression is the family of lysosomal cysteine proteases that degrade components of the extracellular matrix (Turk et al., 2000) . The impaired regulation of expression and activity of lysosomal cysteine proteases has been implicated in cancer progression (Keppler and Sloane, 1996; Roshy et al., 2003) . Several groups have hypothesized that the increased proteolytic activities observed in malignant tumors are because of upregulation of proteases and/or downregulation of their endogenous inhibitors (Brunner et al., 1994; DeClerck and Imren, 1994; Konduri et al., 2002; Pulukuri et al., 2007b) . Cystatins comprise a family of naturally occurring lysosomal cysteine protease inhibitors and protect cells against uncontrolled proteolysis (Turk and Bode, 1991; Abrahamson, 1994) . They control the catalytic function of target proteases by forming reversible, high-affinity complexes (AlvarezFernandez et al., 1999) .
CST6 is a newly identified member of the human cystatin gene family and shows more diverse tissue distribution and target specificity than other cystatins (Sotiropoulou et al., 1997) . CST6 was first identified as a RNA transcript that is downregulated in metastatic breast cancer cells, but not in primary breast cancer cells (Ni et al., 1997; Sotiropoulou et al., 1997) . CST6 has been shown to inhibit cathepsins B and L, which are the most important cysteine proteases implicated tumor cell invasion and metastasis (Krueger et al., 2001; Yanamandra et al., 2004) . It has also been reported that constitutive expression of CST6 in human breast cancer cells (MDA MB-435S) significantly reduced in vitro cell proliferation, migration and matrigel invasion . Furthermore, the ectopic expression of CST6 in SCID mice strongly delayed breast tumor growth and lowered the rate of metastases to the lung and liver . Taken together, these characteristics strongly suggest an antitumor function of the CST6 gene in cancer progression.
Epigenetic inactivation of tumor suppressor genes or tumor-related genes through histone modification and DNA methylation is a common event in human cancers and tumor cell lines. Several tumor suppressor genes are inactivated through these mechanisms (Esteller et al., 2001) . Earlier studies on CST6 suggest that DNA methylation is important for the regulation of CST6 expression in breast cancer cells and primary breast tumor tissues (Ai et al., 2006) . Kim et al. (2006) showed the downregulation of CST6 expression in malignant glioma by epigenetic mechanisms. A recent study uncovered that CST6 expression increased in cultured lung cancer cells after treatment with the DNA methylation inhibitor, 5-aza, and the histone deacetylase (HDAC) inhibitor, trichostatin A (TSA) (Zhong et al., 2007) . However, the functional relevance of histone modification and DNA methylation in the regulation of the CST6 gene expression in prostate cancer is unknown.
As CST6 is downregulated through epigenetic mechanisms in a number of cancers, in which it regulates proliferation, invasion and metastasis, we asked whether it could play a causative role in prostate tumor development. We found that CST6 is downregulated in prostate cancer tissues and that CST6 was induced in metastatic prostate cell lines by HDAC inhibitors. Furthermore, we show that restoration of CST6 expression in metastatic prostate cancer cells significantly inhibits prostate tumor growth and the incidence of lung metastasis in vivo. Our results have implications for the molecular diagnosis and treatment of prostate cancer metastases.
Results

CST6 expression in human prostate cancer
Earlier studies have shown that CST6 expression is lost in both cultured human breast cancer cell lines and primary breast malignancies (Ai et al., 2006) . However, to date, CST6 expression has not been investigated in prostate cancer. To clarify the clinical significance of the CST6 gene in prostate cancer, we evaluated the expression level of CST6 protein in human prostate cancer tissues using immunohistochemistry. CST6 expression was classified as negative, weak positive and strong positive in 17 (56.1%), 21 (38.2%) and 4 (5.7%) tumor tissue samples, respectively ( Figure 1A ). There was a significantly lower level of CST6 protein expression in the tumors than in the normal tissue samples (Po0.01, Figure 1A ) and the representative pictures were presented Figure 1B . We also detected strong immunostaining in the majority of PIN lesions, which represent precursors of prostate cancer (data not shown). To further confirm these observations, we performed immunoblot analysis of four-paired human normal prostate and tumor tissue samples with known levels of CST6 ( Figure 1C ). It was clear that the tumor tissue samples exhibited a downregulation of CST6 protein expression as compared with the normal prostate tissue, which was consistent with the level of CST6 protein expression determined by immunohistochemical staining. We also examined mRNA expression of 20-paired human normal prostate and tumor tissue samples using real-time PCR analysis ( Figure 1D ).
Consistent with the results of the immunohistochemistry and immunoblotting, CST6 mRNA was significantly downregulated in the majority of tumor samples when compared with their normal counterparts ( Figure 1D ). As a decrease in the amount of CST6 relative to cathepsin B could function to favor tumor progression, we were also interested in analysing cathepsin B protein expression in human normal prostate and tumor tissue samples. Although either no or weak cathepsin B immunoreactivity was detected in normal prostate tissues, strong cathepsin B protein staining was observed in the majority of prostate tumors (Po0.01, Supplementary Figure S1 ).
CST6 expression in prostate cancer cell lines As observed in human prostate cancer specimens, a similar lack of CST6 expression was observed when screening a panel of human prostate cancer cell lines. A total of three of four prostate cancer cell lines (LNCaP, PC3 and PC3-M) had markedly decreased or absent CST6 expression at the mRNA level, whereas decreased CST6 expression was observed in the DU145 prostate cancer cell line (Figure 2a, top) . In contrast, high CST6 expression was observed in the RWPE1 cell line, which derived from normal prostate epithelium. This pattern of expression was also seen at the protein level (Figure 2a, bottom) . Moreover, the prostate cancer cell lines had more consistent expression of cystatin C at both the mRNA (Figure 2a Histone deacetylase inhibitors induce CST6 expression in human prostate cancer cell lines Loss of gene expression during cancer progression can occur through a number of mechanisms, including mutation, loss of heterozygosity and epigenetic silencing. Epigenetic transcriptional downregulation can occur through histone deacetylation and hypermethylation of the gene promoter, resulting in tightly packed chromatin and decreased transcription factor access. CST6 protein expression in prostate cancer cell lines correlated with CST6 mRNA levels (Figure 2a ), suggesting the regulation of CST6 expression at the transcriptional level. As it is known that CST6 can be silenced by epigenetic alterations (Ai et al., 2006; Kim et al., 2006; Schagdarsurengin et al., 2007; Zhong et al., 2007; Qiu et al., 2008; Veena et al., 2008) , we examined the effects of the HDAC inhibitor, TSA, and DNA methylation inhibitor, 5-aza-2 0 -deoxycytidine (5-aza), on the re-expression of CST6 in prostate cancer cell lines by both semiquantitative reverse transcription (RT)-PCR and quantitative real-time RT-PCR (qRT-PCR). In all three prostate cancer cell lines with no CST6 expression (LNCaP, PC3 and PC3-M; Figure 2a ), treatment with TSA for 20 h resulted in a robust induction of CST6 mRNA levels (Figure 2b, top) . The induction of CST6 mRNA by TSA was dose-dependent in all the examined cell lines (Figure 2c ). We then investigated whether the resulting increases in mRNA level were sufficient to increase CST6 protein levels. As expected, a corresponding increase in CST6 protein levels was also observed after treatment of LNCaP, PC3 and PC3-M cells with TSA ( Figure 2d ). Sodium butyrate, a HDAC inhibitor differing from TSA in structure, showed similar results in all the examined cell lines (Supplementary Figure S2) . These results indicate that the effect of TSA on CST6 expression can be extended to other HDAC inhibitor, sodium butyrate. They also suggest that the induction of CST6 expression by HDAC inhibitors was not confined to a single type of human prostate cancer cell line model.
As it is know that CST6 can be silenced by promoter DNA methylation (Ai et al., 2006; Kim et al., 2006; Schagdarsurengin et al., 2007) , we examined the effects of the DNA methylation inhibitor, 5-aza, on the reactivation of CST6 in prostate cancer cell lines by both RT-PCR and qRT-PCR. However, treatment with higher doses (1-10 mM) of 5-aza for 5 days did not restore the expression of CST6 in all cell lines analysed ( Figure Figure S3B) . These results show that methylation levels are significantly lower in prostate tumor samples. The low frequency of methylation in primary tumors and induction of CST6 expression in all cell lines only with TSA, but not demethylating agent 5-aza, strongly suggests that promoter histone modifications play an important role in prostate cancer progression.
TSA induces accumulation of acetylated histones in chromatin associated with the CST6 gene A number of studies have shown earlier that TSA induces the accumulation of acetylated histones in human cancer cells (Sambucetti et al., 1999; Richon et al., 2000; Marks et al., 2001a, b) . We first verified that inhibition of histone deacetylation by the HDAC inhibitor, TSA, altered global histone acetylation in the human prostate cancer cell lines LNCaP, PC3 and specimens. The 14-kDa unglycosylated and 17-kDa glycosylated forms of CST6 protein expression was determined by immunoblot analysis. MDA-MB-231 cells (C) that express CST6 were used as a positive control for the specificity of the antibody. The level of CST6 protein expression was significantly lower in tumor tissue than in normal tissue, which was indicated by the ratio of CST6/ GAPDH (bottom). (D) Quantitative mRNA expression of CST6 in human prostate tumor (green) compared with normal adjacent tissue of the same individual (red, connected by a line). RNA was isolated and reverse transcribed and SYBR Green real-time PCR carried out with CST6-specific primers. Significant downregulation of CST6 expression is observed in tumor tissues as compared with respective normal adjacent tissues.
Frequent loss of cystatin E/M in prostate cancer SM Pulukuri et al PC3-M. Immunoblot analysis using antibodies to acetylated histones, H3 and H4, showed that acetylation at histones H3 and H4 was substantially increased by TSA (Figures 3a and b) . Next, we performed the ChIP (chromatin immunoprecipitation) assay to examine the effect of HDAC inhibitors on the pattern of acetylation of histones associated with the CST6 gene. Chromatin fragments from LNCaP, PC3 and PC3-M prostate cancer cells cultured with or without TSA for 20 h were immunoprecipitated with antibodies to acetylated histones, H3 or H4. DNA from the immunoprecipitates was isolated, and PCR was performed using CST6 promoter primers (Figure 3c ). Acetylation of histones H3 and H4 associated with the CST6 promoter region in all three human prostate cancer cell lines was undetectable before TSA treatment. However, we observed remarkable increases in acetylation of histones H3 and H4 in the promoter region of all three prostate cancer cell lines after treatment with TSA ( Figure 3d ). The accumulation of acetylated histones, H3 and H4, confirmed that histone deacetylation was involved in the transcriptional repression of CST6. We also carried out PCR on the same set of immunoprecipitated DNA fractions for b-actin promoter as a control. The relative levels of acetylated histones, H3 and H4, at the b-actin promoter was similar in all TSA-treated and untreated cells (Figure 3d ).
CST6 decreases proliferation and invasive potential of the prostate cancer cells To investigate the functional consequences of CST6 in prostate cancer, we analysed the effects of restoring CST6 expression in PC3 cells. A full-length CST6-expressing vector was constructed and transfected to the highly invasive, CST6-negative cell line, PC3. We observed a high expression level of CST6 in each of the four CST6-transfected cells (CST6-4, CST6-12, CST6-13 and CST6-18), but not in parental (mock) or empty vector-transfected cells as detected by RT-PCR (Figure 4a , top) and immunoblotting (Figure 4a , bottom). The clone, CST6-13, with the highest CST6 expression at the mRNA and protein levels was selected for further experiments. We used the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay to assess the effect of restoring CST6 expression on PC3 prostate cancer cell proliferation. Restoring CST6 expression in PC3 cells resulted in a 58.5% inhibition of proliferation as compared with the empty vector-transfected PC3 cells (Figure 4b ). Differences in invasion between CST6-expressing cells and control PC3 cells were evaluated using the matrigel invasion assay. We found that PC3 mock cells or empty vectortransfected PC3 cells significantly invaded through the matrigel; however, CST6-overexpressing cells showed a substantial reduction in invasive capacity (Figure 4c) . Representative pictures are shown in Figure 4d . Furthermore, to extend these findings to an additional prostate cancer cell line, LNCaP cells were stably transfected with the CST6 expression vector and tested for proliferation and invasion. Similar to the results described above, LNCaP cells stably expressing CST6 exhibited decreased proliferation and invasion when compared with LNCaP cells that did not express CST6 (data not shown). Earlier studies by our group (Konduri et al., 2002; Yanamandra et al., 2004) and others (Sotiropoulou et al., 1997; Krueger et al., 2001; Shridhar et al., 2004) have established that cystatin is downregulated with the increasing malignancy and that this downregulation is associated with an imbalance between the production of cathepsins and cystatins and a shift towards a proproteolytic state with an invasive phenotype. To determine whether CST6 was mediating their effects through the regulation of cathepsin levels, we assessed the levels of cathepsins at the mRNA level using RT-PCR and at the protein level using immunoblot analysis. Transfection with CST6 suppressed the expression of cathepsin B at both the mRNA and protein levels in PC3 cells (Figure 4e) . However, the overexpression of CST6 did not change the mRNA or protein expression levels of other lysosomal proteases, such as cathepsins D, L or H (Figure 4e ). We also confirmed these results by real-time qRT-PCR (Supplementary Figure S4A) .
Downregulation of CST6 upregulates cathepsin B and induces proliferation/invasion
To further confirm that cathepsin B is upregulated on CST6 loss and induces proliferation and invasion, an endogenously high CST6-expressing epithelial prostate cell line, RWPE1, was transfected with a siRNA directed against CST6 (siCST6). Although cystatin C and several other cathepsins are expressed in RWPE1 cells, only cathepsin B mRNA expression was significantly upregulated on inhibition of CST6 (Figure 5a, left) . Immunoblot analysis confirmed that the CST6-specific siRNA downregulated CST6 expression and corroborated the mRNA data that CST6 inhibition induces cathepsin B expression (Figure 5a , right). We also further confirmed these results by real-time qRT-PCR (Supplementary Figure S4B) . The scrambled siRNA (siCTL) did not have an effect on CST6 or cathepsin B expression. CST6 knockdown by siCST6 was specific, as it did not affect cystatin C expression. Importantly, we have found that CST6 and PC3-M cells cultured with ( þ ) or without (À) TSA for 20 h were immunoprecipitated with antibody to acetylated (Ac) histones, H3 and H4, or control normal rabbit serum (NRS). PCR primers for the CST6 and b-actin promoters were used to amplify the DNA isolated from the immunoprecipitated chromatin as described in Materials and methods. Note the CST6 promoter-specific primers amplified PCR fragment of 157 bp.
Frequent loss of cystatin E/M in prostate cancer SM Pulukuri et al knockdown resulted in a significant increase in the proliferation when compared with the siCTL-transfected RWPE1 cells (Figure 5b) . Finally, the effect of CST6 knockdown on invasive ability of RWPE1 cells was determined using the matrigel invasion assay. As shown in Figure 5c and d, knockdown of CST6 significantly induced the invasive potential of RWPE1 cells. Taken together, these results suggest that cathepsin B plays a key role in mediating both proliferation and invasion when CST6 is downregulated.
CST6 inhibits tumor growth and metastasis in nude mice
We tested whether the reduction in proliferation and invasiveness conferred by CST6 in PC3 cells under in vitro conditions could be extended to an in vivo tumor model system. To produce orthotopic tumors in nude mice, PC3 cells stably expressing either empty vector (control) or CST6-expressing vector with luciferase reporter were injected into the prostate of immunodeficient mice. Tumor progression was monitored in mice using the Xenogen in vivo imaging system (Xenogen, Alameda, CA, USA). We obtained photon counts from the tumor region on days 10, 20 and 40 (Figure 6a, left) . The mice injected with PC3 cells stably transfected with CST6 developed smaller prostate tumors by day 40 when compared with the mice inoculated with cells transfected with the empty vector (Supplementary Figure S5A) . The presence of significant growth differences in prostate tumors between control and mice injected with CST6-overexpressing cells were confirmed by autopsy after imaging (Figure 6a, right and 6b) . To determine the effect of CST6 on tumor metastasis, we dissected the lungs from each mouse and photon counts were recorded. The lungs derived from control mice injected with empty vector-transfected cells had high photon counts. In contrast, we observed a marked reduction (B3.9-fold) in the incidence of lung metastasis when primary tumor cells stably transfected with CST6 were seeded in host mice (Figure 6c) . Representative pictures were shown in Supplementary Figure S5B . RT-PCR analysis confirmed that CST6-expressing prostate tumors had significantly decreased cathepsin B mRNA levels than control groups (Figure 6d ). These results clearly show that CST6 expression downregulates cathepsin B and significantly inhibit both primary tumor growth and the in vivo incidence of lung metastasis. 
Discussion
As the role of CST6 in prostate cancer progression is not clearly elucidated and the mechanisms regulating CST6 expression are not understood, we examined the functional relevance of CST6 expression and tumor invasiveness and investigated histone modification and DNA methylation in the regulation of CST6 gene expression. Our study using clinical prostate samples shows that the majority of the prostate cancer tissues (n ¼ 42) have weak or no expression of CST6 when compared with BPH or normal prostate tissues (Figure 1) . In addition, we have shown that expression of CST6 is downregulated in the prostate cancer cell lines (Figure 2a ). These findings provide further insight into earlier observations that CST6 was frequently downregulated during the progression of human breast, lung and brain cancers (Ai et al., 2006; Kim et al., 2006; Zhong et al., 2007) .
In addition to DNA methylation, another epigenetic mechanism that frequently controls the transcriptional regulation of genes is the acetylation/deacetylation of chromosomal histones associated with target genes (Cameron et al., 1999) . In this study, we have provided evidence for the first time that HDAC inhibitors can reactivate CST6 expression in the human prostate cancer cell lines, LNCaP, PC3 and PC3-M (Figure 2 ). CST6 gene silencing was found to correlate with hypoacetylation of histones H3 and H4 at their promoters in all cell lines (Figure 3 ). An earlier report describes that DNA methylation of the promoter is responsible for the transcriptional silencing of CST6 in breast cancer cell lines (Ai et al., 2006) . In that report, the silenced CST6 gene was reactivated by treatment with 5 mm of 5-aza for 2 days. Another report showed that both 5-aza-and TSA-induced CST6 gene expression in all the tested lung cancer cell lines, whereas treatment the of lung cancer cell line, NCI-H358, with the HDAC inhibitor, TSA, failed to reactivate CST6 gene expression (Zhong et al., 2007) . In comparison, we found that the epigenetic mechanisms for silencing CST6 are somewhat different in prostate cancer cells. In the prostate cancer cell lines, inhibition of HDAC by TSA was sufficient to restore the acetylation of histone and re-expression of CST6. Treatment with 5-aza did not restore the expression of CST6, which is consistent with the finding that the CST6 promoter is unmethylated in these cells. These Frequent loss of cystatin E/M in prostate cancer SM Pulukuri et al data indicate that both histone modifications and DNA methylation can act independently or cooperatively to silence the CST6 in different types of cancers. The reason for different mechanisms being involved in the silencing of CST6 in cancer development is currently unknown and may rely on the tissue and/or organ specificity of certain chromatin-modifying enzymes or protein effectors that read the epigenetic modifications (Hake et al., 2004) .
One of the key steps in the process of cancer invasion and metastasis is the degradation of the extracellular matrix. Several lysosomal cysteine proteases are involved in the degradation of extracellular matrix components; as such, these proteases have long been considered of potential importance during tumor cell invasion and metastasis (Keppler and Sloane, 1996; Turk et al., 2000; Roshy et al., 2003) . CST6 belongs to a family of naturally occurring inhibitors of lysosomal cysteine proteases (Turk and Bode, 1991; Abrahamson, 1994; Alvarez-Fernandez et al., 1999) . In this study, we show that CST6 specifically regulates the proliferation and invasive behavior of prostate cancer cells. The level of expression of CST6 dictates the ability of prostate cancer cells to proliferate and invade. In highly metastatic PC3 cells, overexpression of CST6 reduced their proliferation and invasive ability, whereas downregulation of endogenous CST6 enhanced those abilities (Figures 4 and 5) . Furthermore, we show that overexpression of CST6 is sufficient to inhibit growth and invasion of prostate cancer cells in an orthotopic tumor model ( Figure 6 ). Another interesting finding of our study was that overexpression of CST6 significantly reduces the cathepsin B protein and the mRNA levels in prostate cancer cells. These results provide support for CST6 functioning as a cathepsin B inhibitor to regulate prostate cancer proliferation and invasion.
In summary, this study shows that inactivation of CST6 by histone deacetylation is emerging as an important mechanism for promoting prostate cancer cell proliferation and invasion. Moreover, we show the successful reduction of metastasis by inhibition of cathepsin B by CST6 overexpression in the host microenvironment. These findings provide new and important information on the progression of prostate cancer. These results may yield new strategies for the diagnosis, prevention and treatment of prostate cancer.
Materials and methods
Human prostate tissues and immunohistochemistry Paired human prostate tumor and normal adjacent tissues were obtained from patients undergoing routine therapeutic surgery. Many prostate cancer, PIN, BPH and normal tissues were also obtained as paraffin-embedded, formalin-fixed blocks. For immunohistochemistry, tissue sections were labeled with antibodies against CST6 and cathepsin B (Oncogene, San Diego, CA, USA) and the expression levels graded as negative, weak positive, and strong positive (see Supplementary Information).
Cell lines and drug treatments
The prostate cancer cell lines, RWPE1, LNCaP, DU145, PC3 and MDA-MB-231 were obtained from the American Type Culture Collection (Manassas, VA, USA) and cultured as directed. PC3-M was obtained from the Xenogen Corporation (Alameda, CA, USA). Total RNA and genomic DNA were isolated from the treated cells using RNA and DNA isolation kits. Cells were treated with TSA, sodium butyrate and 5-aza as described earlier (Pulukuri et al., 2007a ) (see Supplementary Information).
RNA interference and CST6 expression plasmids Scramble siRNA control and specific siRNA pool for CST6 were synthesized and annealed. Transfection of siRNA pool and control pool in six-well plates was carried out using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) as per the manufacturer's instructions. The siRNA sequences that we used are listed in Supplementary Table S1 . The CST6 expression plasmid (pCMV-neo/CST6) was prepared by inserting full-length human CST6 cDNA into a pCMV-neo vector (OriGene, Rockville, MD, USA). The CST6 expression vector and empty vector-transfected cells were selected by growth in the presence of G418 (500 mg/ml) and then analysed for CST6 expression using RT-PCR and immunoblotting analyses.
Immunoblot, ChIP, RT-PCR and MSP analyses Immunoblotting, ChIP and RT-PCR analyses were performed as described previously (Pulukuri et al., 2007a) . Expression analysis for CST6 mRNA was measured using real-time quantitative PCR with SYBR Green PCR Mastermix (BioRad, Hercules, CA, USA). MSP experiments were performed as described previously (Ai et al., 2006 ) (see Supplementary Information).
Proliferation and matrigel invasion assays
Proliferation of PC3 and RWPE1 cells was assessed with the MTT method using a cell proliferation kit (Chemicon, Temecula, CA, USA). Invasion of cells through matrigel was conducted using a Transwell apparatus (Corning Costar, Cambridge, MA, USA) as described earlier (Yoon et al., 2001 ) (see Supplementary Information).
Orthotopic mouse prostate tumor-metastasis model Orthotopic implantation was carried out as described earlier (Pulukuri and Rao, 2007) . PC3 cells stably expressing either empty vector or CST6 expression vector with luciferase reporter were injected into mouse prostate (10 6 cells per mouse). Prostate tumor growth and subsequent metastasis to lungs were assessed weekly using the in vivo imaging system coupled to Living Image acquisition and analysis software (Xenogen) according to the manufacturer's instructions.
Densitometry
ImageJ software (National Institutes of Health, Bethesda, MD, USA) was used to quantify the mRNA and protein band intensities. Data are represented as relative to the intensity of the indicated loading control.
